surface is also discussed.
Kagome band refers to a three-band structure, including two Dirac bands and one flat band [1] [2] [3] [4] [5] . The two Dirac bands linearly cross and form a Dirac point at the highsymmetry point K, while the flat band quadratically contacts with the Dirac bands at Γ point [6] [7] [8] [9] [10] [11] . According to energy band theory, both the Dirac bands and flat band are not conventional ones. The former has linear dispersion, and generates massless Dirac fermions with very high mobility [12] [13] [14] [15] [16] [17] [18] . On the contrary, the latter generates infinitely massive fermions [19] [20] [21] . Their quenched kinetic energies result in Coulomb interactions becoming critical and giving rise to various exotic many-body states [22] [23] [24] [25] [26] [27] [28] Kagome lattices, but most elements and compounds are not favorable to form Kagome lattice [29] [30] [31] [32] [33] [34] [35] . In the lots of 2D materials proposed to date, few of them have Kagome lattice. Even in the few Kagome structures [36] [37] [38] [39] , to the best of our knowledge, none of them have double Kagome bands.
In this paper, we propose a new two-dimensional (2D) phosphorus carbide P2C3, as shown in Fig. 2(a) , where the gray carbon atoms form Kagome lattice. The new material is selected from a series of 2D structures X2C3 (X = III, IV and V elements), by using orbital analysis and first-principles calculations. It not only shows good stability, but also exhibits interesting orbital configurations and unique electron
properties. The carbon atoms have the same orbitals with those shown in Figs We performed first-principles calculations within the density functional theory (DFT) formalism as implemented in VASP 40 . The electron-electron interactions were treated within a generalized gradient approximation (GGA) in the form of PerdewBurke-Ernzerhof (PBE) for the exchange-correlation functional 41, 42 . The energy cutoff was set to 600 eV. The atomic positions were fully optimized by the conjugate gradient method 43 , the energy and force convergence criteria were set to be 10 -6 eV and 10 -3 eV/Å, respectively. To avoid interaction between adjacent layers, the vacuum distance normal to the layers was kept to 20 Å. Integrations over the Brillouin zone were done with 9×9×1 Monkhorst-Pack k-point grid 44 . To account for the thermal stability, we carried out ab-initio molecular dynamics (AIMD) simulations based on canonical ensemble 45 , for which a 4×4 supercell containing 80 atoms was used and the AIMD simulations were performed with a Nose-Hoover thermostat from 300 to 1200 K, respectively.
To get the double Kagome bands in Fig. 1(a 
where + and represent the creation and the annihilation operators, respectively.
is the site energy of orbital at site i, and here 1 and 2 are used to represent site energies of 1 and pz orbitals, respectively. , is the hopping energy between orbitals at sites i and j, and here only the nearest-neighbor hopping parameters are considered, e.g., t1 represents the interactions between eV) and pure graphene (7.67 eV).
The electronic band structure of P2C3 is shown in Fig. 3 Dirac bands and the green flat band (see the inset in Fig. 3(a) ).
To reveal the origination of the band structure, we show partial density of states 
S5 in SI)
. These indicate that, the P atoms in P2C3 not only help the C atoms forming stable Kagome lattice, but also make them obtain standard orbitals in Kagome lattice.
More importantly, the 1 and pz orbitals cooperate to get the perfect double Kagome bands.
It is known that the interplay between the band flatness and Coulomb interaction leads to many novel phenomena such as the magnetism [49] [50] [51] . In most cases, electrons often remain unpolarized states. However, when electrons partially fill in the flat band, Coulomb interactions are aroused and result in spin polarization 52 . Figure 4 exhibits the band structure of P2C3 in the case of one-hole doping, i.e., the green flat band in Fig.   3(a) is half filling. In experiment, the doping effect can be achieved by the electrostatic gating 53 . This means that one can obtain spin-polarized Dirac electrons even if no external magnetic field, which is a unique magnetism phenomena of double Kagome bands.
To explore transport properties of P2C3, we calculate its edge states. Two types of edges are considered: one is zigzag edge on the left side of the nanoribbon in Fig. 5(a) , the other is bearded edge on the right side. The edge states for the zigzag edge are shown in Fig. 5(b) , while those for the bearded edge are shown in Fig. 5(c) . In both cases, there are three edge states around the Fermi level. It is known that, the Berry phases of Dirac point and quadratic contacting point are π and 2π 54, 55 , respectively. As a result, there is one edge state (labelled as "1") between the Dirac points in the bottom Kagome band, and there are two edge states (labelled as "2") between the quadratic contacting points in the top Kagome band. It is noted that one of the "2" edge states is a flat band and is buried in the bulk flat bands. The coexisting edge states strengthen the electron transport, and thus leads to significant electronic conductivity. Moreover, because of the huge density of state around the Fermi level and the large carrier mobility of the Dirac electrons, the P2C3 sheet could be a good superconductor with high critical temperature. We expect some further theoretical and experimental studies can be carried out to validate and extend our findings.
Our analyses for structural stabilities already demonstrate the high feasibility to synthesize P2C3. Considering that many 2D materials have been grown successfully on
Au and Ag substrates 56, 57 , we explore the possibility to synthesize P2C3 on Ag (111) substrate. According to our computations, the lattice constants of a 2 × 2 supercell of
Ag (111) substrate (a′ = b′ = 5.78 Å) are very close to those of the primitive cell of P2C3.
The mismatch between them is smaller than 1.6%. The adhesion energy between P2C3
sheet and Ag (111) substrate is -0.164 eV/atom (see Fig. S6 in the SI for more details).
It can be comparable with some other 2D materials on the Ag (111) substrate 50 .
Therefore, we believe the newly predicted P2C3 sheet can be synthesized by the pathway similar to those of other 2D materials on the Ag (111) substrate. We also simulate a STM image of P2C3 sheet on the substrate (see Fig. S7 ).
In summary, we propose a new band structure, named as double Kagome bands. 
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